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By: &1,. HATVA-V

GAMALZIOS In•titute of Xpidemiology and Microbiology, Acadesy of

Medical Sciences, USSR

(Received Maorh 5, 1958)

(Translated bys Edward Leohowios, Maryland, iedioal-Legal Youn-

dation, Inc., 700 Fleet Street, Baltimorej, Maryland, 2;202)

The queotion of the w'-feet of sublethal dos of exotoxlns

an the orgms.aJ~ has barely .bl94 cla•rified in the literaltureP snete

URNIRG (1893) detected this pxadoxical phenmseaom. The nAStvr

(•.) of the phenoenon .o confined to the fact that If animals receive

aultiple sall doses of diphtheria or totAnus toxims, they aoquire

a high sensitivity to theme poisons. At the same timep antitoxin

in animls' blood may occur In a quantity that to fully sufficlent

to noutralise many fatal doses of the toxin Involved. Multiple ad-

klnaitrations of saall doees of toxin cause usual clinical mom-

fobatloaa that axe characteristic of reactions to exotoxins,

3ZZING, explaining this phenoenon stated that, during lamu-

nization process bj toxziai ' anam,. acquire not only UmmsVt, but

increased soonLtivity as well. Accordijng to I.?.QAMALIZ (1939),

after i12Jeetica of miatiple small doses of toxin, the resultant

4"t o ammi 4a~'W UJ %WS impaismems t roo laitivity Is.
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0 6ello invaded a ty the toxIn A perhaps, also in thek

66"tI-V4 MW.VVWU Wjrita.WW@A "O '00 Me urnA r te IaSIer expIA-
* nation Is no@* aocurate, imasmuah ao nlny neu'rotrophio toxins

po0e698 the *baracterIstots that tend to LndUCe thoe BUNP 13 phe-

* oIn 1936p when MIUUIN a • OTLXAROVBS&XAA adinistere4 sub-

lsthel do*es of toxin in oafer to develop experiuentW2 botulism

in animal. that were infected with @pores, thOeY 416ioe d a greaote

*.gnioanoe of tle f@toti in the pathogenesle of botulism. We.

4eteralne4 (1947) that animals perished due to botuliem afuter they
reeodve mnultiple sublet"hal does of tSe toxin.

S•The development of inerease4 sensitivtty to emall domes of
bacterial toxIns plyso an Important role in the pathogenesis of

S toxuieAtena.as Pathogenic oasuee of this phenomenon were studied

in experi•ents with diphtheria toxins (OIAVO•JIZO and CALANOTA,"

19481 MA2rT3T and BUI4•NA1DOY * 015013 19491 KOIMSNIKOIOA an d•"lY, ,0
1951) and with teotamu toxins (MAtTTlrV "i BU•LATOTA, 1950)l) M•O-

0OMM end I;A• VMA?3ir, 1955).

Saxalcalud *he phomenon o or .-ncaa;d

6eneitivl'ty by sumeation of stimulations after multiple adminis-

* tratio• s of sublethal doses of toxins. XOkGUVOT and IMATUNSZT

. (1954) ezxlains by botulinal toxins of the A and a types the imm-

noal"ai speoifiAity &ssobL&%ted..iulth this paradoxloal sensitivity

- en-------------------------- - ~ ---
be# P.* IDOSa XSoIIS books "Ptoblem of reaotivLty' In studies

Of W Sialet a" Un M"urity, 1 9500 V.93.
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1KN
of stiAmlationm rests at the foundatiý:n of this phenomenon.

I In oonnootion with the f&ot that tie problem of the offeet of

sublethal dome* of botullnal toxins on ow•i•gsi (fojILowi4 vu/t±#pe :

adaniutroations) still ren~las insuffloleantl olIrf ed. we ma0e

comparative studies of the )VMING pbenomenon using three types of •

animals.

The first series of experinente were oarroed out on guinea

pigs, At first, we pretitrated a lethal dose0f"o a guinea pig

(hypodermic ad Aiastr&tion); it oona$ined a dry botullnal toxin

"of the A type previously precipitated with ammonium sulfate, Te

took neasuireo with the preolpitation of the toxin to deoresse the

adm•axtre of impurities ocourring In the medium, The establisbed

Q fatal doso wes diluted with a physlologloal solution 50, 100, We0,

1,000 and 3,000 times. Guinea pigs reoolved daily S/509 V'100, YWO.,

V1 ,000 or '/.OO of a dose, Prom 3 tV 10 Lnaelione were necessary

(see Table 1) In order to develop the symptoms of boftlim in

,4,.- "4. -a.Ml. -- Aa + _ .... twh 1. &', n the

quantity of the aaidnistered toxi.z oosprised altogether 6/50v 0/50:

7/100P 10/100t or even 4/500f, %/1 000 aq4 4/3,000 of the fatal eese.

At the ease time, a typical olonioa2•piqture. of botulism developed

graduallys dyspnea appeared, then woakOning of tao musculature

(muscles became paotea-likeo an4, uOcasiomIlyai, r s -d.

Guinea pigs died fromi botlulkf on the 2d to 29th day of the siek-.
•~e~ae In the *ouose of three expezrlente we performed a treatment

of nimls ithepeifi Benbut GL966 we iaitiabe Wei late*

S-I
V + ,•._:. V•• .- .:',+. i
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raIF~s W i ,Sa ZZ24.V g..-t .. 46e t-3 the .'44, of I-1
doeos of bot Ainal tozint a conside-sble nmumr (39,941) of thtib

siurrived, iv n• shown clearly expresood Oymptoms of botullom.

The third soerte of experiment& wore carried out on mice. In

thea& experimehts., aving pretitrated previously a lethal doae of

dry botulinal toxZi, woe dlted It with a physiological volution

10, 20, 30, 50 sA 100 imeal,and we adainisterod It daily, subeu-

'taeoumly, to s0oe In quanlitlos of VIO, 1/20, V#30, '#50 and '#100

of the lethal dose. The mice were resistant to the toxin following

Its muAtiple "minlstralion in sublethal douse. But, after $hree

In~eetione of' the toxin in I Din quantity., all 10 mice boosme sick

from botulism and died or the 4th to 6th day of Illness. The ef fects

o f & dose isqua to V/2 )In caused death in 5 out 10 mice after 7

to 8 4jd . A daily adsinistration of '/30 DIs to these animals

brought almost thU same Tresults. Having administered 10 injections

of VS5 Dim to 20 mioe, 8 of them died, whereas after 12 injeotione

of V#100 Dla. no visible signs of clearly manifestod clinical eymptoms

a 4 UWM.M W" i•am Aa MU , ao u M.

received this doese of toxintsbowed sl ight symptoms of botulism, but

* remained alive.
All experiments of the third series includod 60 mice and 29

of the& died fro-A botulism. Thus, we see that more than 50% of the

animals 4 rm .•iod alIVe. Consequently, mSie we" fowroi to be con-

, aideral•y more resisttwt to small amounts of tbo tozin than •minea

&paM rebbtets. A•alie4m resats were obtained In oxperlmaost

on aie. with to•t .ms of the 3, 0 and I types.

7I
1i ..;_. .



-he onIMAls atlso &bowed I* developed botLaimml ýCknfl*U3 After

~ A. ~ nf mnih~ethal d, ýýe Of batUliDAl

toxns.Allanialadied that received per v, tenth& and hudrvirthe

yorion ofon*letaldo&* of the toxin.

It shoul~d lbe noted that after oo!-, tol guinea pigs, rabbits

and mice received a single siabou~tae'voou or enteral Injection of a

wholi to~xic dose that was uased f,:,ý a partia'l administration, botut-

Ilea symptomas ýfailed to develoTr and all animals remained ialive.

We establithed (1947) thit toyi" of cauasative agents of gase~ous

hyposonitiity n aimas. ris as ubsequently ofrmdb

MORGUIOY, KMATUIT8V and YAVG¶ 094)

Q8TRYI, SOBIZYA and LlL~(1956) proved that the process of

GUM~ionof pathogenic nev":*l senseitizationls, following admin in-

C n eIn o rd e r to cl a rif y h f e ti e e s o th e a c t io n of s uab-

r;,ýeivsd a toxin subo~taneoualy and daily' in quantities of V200

awemtm fIles nyi sporadic cases in guainse 1pige Usa



a

reeeivio•m all 400e0 of 01. oodemaatins we observed iib'h e•soI

eW inomeeq•eatiAl Lyepnea, but the latter disappeared quiokly.

"sonosoequetlyp the *xyerineate proved that the toxin@ of C1. per-

friAnge and Ol. oe4ematiens failed t4 produce the MHRAG ph*-

meein in *te organism after multiple injection* of small doses.

thise Iniosies that the phenomenon Is caused only hw toxins with

d4101iunotIJ expressed neuretropio ohareoterimtios.

9ynde, t ois obvious from the performed investigations that

Suilved the Sti.4lss of the MUMIN phenOMeon in Connection With

the UbtUl.a toxin type A that, after a multipl ls3inistratiao

of *.blet"l doses of tbe toxin to enisel, she latter graduaelly

4evelupe4 an impaimenat of important and vital processes, which

eaae4d thei.d4eeth. Te took an interest in clarifying, whether

"eny I•munity devel• a iAS UniLa00.e fo01o0ing a 3ultiple admini*-

"•''tfto of the toxin* As we .Entioned above, antitozxin was absvent

in the serum of guiea jsge uz•a rabbits that received multiple

6 smll doess of the toxis., i sa of sv:A'm of thai, animals failed to

AeiUajis.5 eVen QO. ieithftA J064. .; t'16 tUZ~n f0?- mice.

In ord4e to determine t"e iannwioluglcal condition of the organ-

&on of &nI&als after multiple a.minlatratiou of small 4ooes of

toxil, we ocnducted ex.er1%*nre ln vesuela on r&bb:ot' ears so-

oerdiru to the method uf ILAVOY wi V1ISUZKI.

11a~ ~ QMM-rza outn %knegom f uuiiarirents on rabbits. The

afials of the first group received Subcutaneously '"50 Dls dall.y

-of boullanl oaxin jiorkared in broth of o"en's meet. As soon so

v&bb beeomo sluginb, but %he sjymptome of botvali. were not

1'J t



Syet Clearly manifested, we diacontinued injsction& if the to:in. [
Altedether, we &a4* 5 injections and thus we administered '(10 Dim.

"i 'i'x oiimints in vessels of rabbita' ears *or* carried out

duriup a peric fron the 5*h to 1 Ith day after the fixs-t admlnis-

tratiou of toxulao The latter A * prepared in broth of rabbits'

emat in order to exluade a possibility of development of enaphylaois,

For oxyerlaents in vesoels we most a dry toxiz precipitated with

amaonaua bulfatei the toxin wa diluted 1:100, and later dialyzed

in colloidal kit, at first for 18 to 20 hours against fauoet waar

and, subeequently, for 24 hours against distilled wat•ir. At the

btginnwin we passed the toxin 'though the vessel* usift tho di-

lution of 150,000O and , later, that of 1:25,000 aad 10lO9000 (for

dilution we used the RNNGER-LWR solution). Thus, to be able to

olazify the actual nature of the reaction In rabbits' vessels o0

botulinal toxin, we passed tbrough the vessels of one oer of

anlials the solution of the toxin, and adrenalin through the vessIel

of the other eax,

The conducted experiments provided a quite clear answer to

tUe question about the conditions of vessels in rabbits' ears on

%he 5th to 11th day following ths Injection of toxin, It wae foun

tht the vessels in these animals contracted considerably silder

(by 1.21 0.4; 10%) on the ýassing 'of toaxi' solutions, than the

voso.la of normal niLmOlS (by 24.41 24.3; 25.3A). The vesseils In

%ns ears Of eXperimenTAL &M a0uas traOteo KInuoY (b% 9 to 1416)

-when the solution of orenalian wa applied, whIle the vessels of

agro.l rabits ocantraolod very sbe•plC (by 40.3 to 51,"7). Comes-

-10-
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I
I qub%&,,y, the u.respoxsive condition of vessels in rabbit' e*are

"after Gaily ouble•tal .1os of the toxin depoxwed an a prior con-

traction under the eOffets of she toxin.

The desoribed oxperiaeet proved how protound wer the change*

Sl~traton of very small &cooo of the toxin. fe process was o ,•

R so 0 t Gnn ,u by • i•aorers in W4oejnlao SonuO amn Myoneurai conneto-

long, but also 'ay * o omide0tble change in tonug. of the v&aouljA

Istn the s4o0 group of experiments 9 rabbits reo•ived daily

V ~100 DIU of the toxin each uantil the boftlies symptoms appeare"
* In auMm1i4a Af tsr 7 to 11 iWJections of the toxin, only 5 rabbits.

* lsurvived out of 9, T•• surviving 5 rabbits, having recovered with•'z

JS to 40 ayso, were suboe•tod isediatl•y o an experiment In
"* ' veseeli of maim s' ears. The res"ts of these experlments appeared

to be toapletel. different from those ob%aLnsd with the first group

of anialse. Tiho vesseli In rabbits$ ears reacted considerably milder
*a passing of solution of the toxin; at the sam time, they reacted

on solution of oremlin &lUos like the vessel* In normal sal"am.

s .One * onclude from this that, as a result of ijujecions of email

/ " oea of tozin to rabbit&, the latter showe&, at tirse, a sharp

S*octeation of vessel*, but, ater a prolcage4 t•im, the Gells do-

velegsA a on iSaOiy to botulinal toxin LA smooth useculaturse o the

- )eeaue the~qod" were UL wt ailsf o
a o



60rou f eeprtaents. u 13 rabbit. in thes. experlents we

used animals, which reoovered from botulism after they received

aublethal do0eS of the toxin In order to prs.duoo the BZKRING phe-

nomenon (see Table 2). All arlmalepthat received 8 to 11 Injeoctions

V/ of V100 Pla qf the toxin, beatme sick from botulism and 20 rabbits

died out of 33. ,Then, 26 to 46 days later, we conducted experimeuts

in vessels, of anilmas that survived the firt injection of the toxia

ihe experiments were orried out according to the method of KRAOThO

*ad FII3]I. We passed a solution of toxin throuh vessel* of one

ear and a solution of adrenalin through vessels 3f another ear, The

reoults• roved to be analogous to the previous resultse the vessels

in the ears of rabbits that survived multiple injections of *sall

doses of botaliem racoted on dilutions of this toxin less #outely

S than the vessoels of normal animls. the contraction of veas, is in

rabbitsothat.roelved sublethal doses of the toxin for a prolongaed

time, resobed .10, 10.5 aW 3*.8%, while in animals that reeeied

adrenalin, the procent"e was 38, and from 37 to 52. ?be costraet-

i,. Or ..-t--e"lan normal r.bbits on the &ass doses of toxin was

20.7, 21.7 aM 24.3%, 1.e. it was two times stronger; then, the

12.3 to 48.2% contraotion on adrenalin was almost the @an• as

that :in animals which received the toxin0

The discussed results offer a reanon to a claim that, after

some time followl," administration of &sill doses of toxin, laa..

niT develops 'An rsbbite, In the call* of saothld muso*Qxture 'in
veesels. the oondifton of anoreased *SIM•vityT 1o the togin (S"alp

QOemtrat~a Ot Viassals) that Prevalse at gizest ohesgedeubsae-

L L Lm•- .• .il. . .. -. •I _ Jl. ... .



amtly -t1o .1mmuanity'of versel. to botV.iinal toxin. Lt the same time,

t the aooauiati~on of antit•ixn In the blood in a quAntity suffiolent

4W 4detootion with the aid of neutralisation reactlon - does not

.:take plaoe, 'Is this case, the Imunity of tissues was not dependent

on t. ,proswems -ot sntibodies.

It ti obvious from our investigations that botulinal toxins,

edruitntered in multiple and very small doses, oan injure an organ-'

eas and cause Its destruction. This was also verifLed by GUYTOI

and Ma)DOJLD (1947)1 their data indicate that, 0.1 of one nolecule,

of the toxin typo A# applied vo one neural end plato, is sufficient

to oauso histological obanges there, At the samern U, no disorders

In newral oonduotiTlty ocour, howeverpin the myonsesll conneotion,

an Important and vital process is disturbed, which Is connoctedI *• *. with the produation of aoetyloholine.

FollowIng a multiple administration of botulinam tozx.n In In--

significant dosos to animals, the letter may suffer profound dai-

ofters In impoevant and vital processes of the central and perip oLr-

al aervous systs.. as well as in other tissuens.and this causes death

of animals. All this suggeste a supposition that the toxic is an
antimaetabolite; while atiang on the organism, It impairs the

.processes of metabolism, oonsequently the physiological funotion of

oells and tissues is disttr•4d in the organism. Thoreforo, after

a multiple &Aala•stration of sublethal doses of toxins in our ox- .

parlmonote a summation of injuries &an destructions resulted in

nyoneural ocanootim sand n otber physiologicel prooeses of the

rsamisa. bmt not a sOinsloa of stlmutletais. With an I"WorsOd

• 0•
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dose of toxin,, injr~ss In the orga~nioz of unlmtaib iJwwolaodw w'-u

a particular rapidity. Thus, tbw hypersensitivity from a mud•tin1

sm. .*~ all . of* U*xiana ovoke& *1k PW5uitat*amt
lakrgod VA3%irla la tissaes of the organsm. "

The results obtained by us are imporwint to Interpretation

of the pathogenests of intloxoation from food poisonisgs by Ole -

botulinum. It is obvioua from the conducted investi4ations that, [
to oase a siokness in amu and animals, a multiple polsomnin with

[ eub~lthsl doseo of botulism is aufficient.

In :food poisonings with a short incubationi period,* the firs$
larger Oose of toxin Ingested with foodstuffs into the oranisJm'

eQaae a 4grave a'ffiction and, at the samo time, a hilh h xrieemi.

tivitj L W l the *'*4gasa of a patient develops to now doses of the

toxin that are produced by the amcrobe. In such instances, the

observed brief incubation period not always permits a olarift iom Jo.
of the role of toxin that is developed in the organism,

In instuioes of poisoning, when the first does of toxin So In-.

gesteao with foodstuffs is small, the Incubation period lasts sevomjl

lizys, :; nr ths tim , %he fI§crŽbe pro:dues new doese of toxin In

/ organis Sand thus botulism develop& thap In *am* oases,.resuets "i

l • 4Indaatb of a patient, '.

The *o.perlmon!ts carried it by iil Indictes thel, In such oras"*$

Insig~nifoicat Lukantiti~essof1tox"Pproducod in .-%# oI* u Orans ft •

paqtintpa" suflftlente; to dovelolp the diosease,"t

1-4
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*p4ongs thai, the botu.lsam d4.5s5. aAy develop in people and Ush

aniMalS with * mltipleo ingestion of a2y proluot. In such oasoe,

*be tox1 in a produOt was IW small quantities, frequently not do-

%o*table with the aid of bjoklogical test# or neutralisation resotice

us alo*, or.gulu.ea pigs. Nevrotheless, ifteor a multiple adaittanoe

of small quantities of toxin and when a microbe is ingestod with

foodstuffs, botulism sioloesis develops in the organism of man or

: al•lssl as aSoult of $he evoked B33MINO phenomenon. Suoh oases

are oheerd in •poo@plo who Ass for a dall•y food the same brand of

* ham~ or salty _"d herrift "v other products of home canning,

F. Pollowing a multiple administration of sublethal doses of

O @. botu am toxIn to Sulassea pigs, rabbit&. an4 miLs, botulism dLo-

"own ma& death resulted, althou&h the aggregate dose of adoials-

so~ doses w• as considera'bly lower than a fatal dose. With a single

., I. dministrati~on of Tho entire quatity of toxin that wa• sa godor L-

i 2. Ons• pigs wore %be sor, sensitive to multiple •adanis-'

otions •f msbleotbal dAse of the A toxi•n rabbits and mie* were

leas sensitive.

After.adalnistration of small doses of toxin, the vessels

4. A ma•tip3s effoot on organism caused by sublethal doses

of toxin plays e Important role in the pathogenesis of botUlsm.

GAVAUXONJ* nl.. &M• • 1m s l-, ,, Mlos , •1939. - SllCSDOV-

0.M
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Summary (yoDte

dIh. 01. botlin~am toxin administered repeatedly to Iuinea D'use

rabbits and loeo'provokes botulism and death with the *on toUa

dose of the toxin &d•mlietered be.ing uch be)low the lethal o0e * WIth

a @Ing1e adainistratio f the otal doseo the animals remained Un-

Sfsoeted. Gains& pigs were • ore sensitive to manifold adainioetitiom

of botuinum A 'toxin In sublethal doses than rabbits wA &loe, When

Introduoift smanl doses of the toxin, the vessels first show"e am

il Inota"med emsItivLi1 with their immalty developift at a s mwht &combat
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later date. Manmifold *4&iniittation of botulipua toxin in subl~etbi I
tn'play an Im portant role 113 tbe pafltogene&si of botulkes.
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